The Hyper-Kamiokande (HK) experiment centres around a proposed next-generation underground water Cherenkov detector that will be nearly 20 times larger than the highly successful Super-Kamiokande experiment and use significantly improved photodetectors with the same 40 % photocoverage.
Introduction
Hyper-Kamiokande (HK, [1] ) is a proposed next-generation water Cherenkov detector, whose broad physics programme covers many areas of particle and astroparticle physics. It will increase existing sensitivity to nucleon decay by an order of magnitude, and it will study neutrinos from various sources, including atmospheric neutrinos, solar neutrinos, supernova neutrinos and annihilating dark matter. In addition to operating as a standalone experiment, HK will serve as the far detector of a long-baseline neutrino experiment (T2HK) using the upgraded J-PARC neutrino beam, enhancing searches for lepton-sector CP violation and enabling precision measurements of several other neutrino oscillation parameters.
In section 2, we give an overview over the experiment. We discuss photosensor development in section 3 and the expected physics reach in the area of supernova neutrinos in section 4. Other physics topics, in particular neutrino oscillations and nucleon decay, are discussed in a separate contribution to these proceedings [2] . The detector will be located about 8 km south of Super-Kamiokande (SK) in the Tochibora mine with an overburden of 1750 m.w.e. As shown in fig. 1 , it will consist of two cylindrical tanks (each 60 m high and 74 m in diameter) and have a total (fiducial) mass of 0.52 (0.37) Mton, making it 10 (17) times larger than its predecessor. It will use 40,000 photomultiplier tubes (PMTs) per tank to reach the same 40 % photocoverage, and benefit from newly designed high-efficiency PMTs.
Recent Progress
The HK proto-collaboration was formed in January 2015 and has since grown to about 300 people from 73 institutions and 15 countries. In 2016, a design report presenting an optimized detector design was published [1] .
Construction for the first tank is expected to start in 2018, with data-taking starting in 2026. In September 2016, the T2K collaboration published a proposal for an extended run of their experiment [3] , which would enable a seamless transition to T2HK. An upgrade of the J-PARC beamline to 750 kW power is already ongoing, while additional upgrades to reach 1.3 MW are planned before the start of HK.
In the baseline design described in the design report, the second tank would get constructed next to the first one and start data-taking in 2032. As an alternative, the possibility of building the second tank in Korea was explored in a white paper published in November 2016 [4] . At a longer baseline of 1000-1300 km, that tank would be able to observe the second oscillation maximum, where the effect of a non-zero δ CP would be increased. The proposed detector locations offer a higher overburden (and thus lower spallation backgrounds) than the Japanese HK site, which would increase sensitivity to low-energy physics like solar or supernova relic neutrinos.
Photosensor Development
A new 50 cm PMT model, the Hamamatsu R12860-HQE, was developed for HK. It is based on Hamamatsu's R3600 PMT used in SK, but includes a box-and-line dynode and several other improvements. As a result, this new model offers better timing resolution and a detection efficiency that is two times as high due to improvements to both quantum efficiency and collection efficiency (see fig. 2 ). Work to reduce the dark noise rate and design new PMT covers for pressure resistance is currently ongoing.
In addition to this baseline design, R&D on alternative photosensor options like hybrid photo-detectors, LAPPDs and multi-PMT modules is ongoing. 
Supernova Neutrinos

Galactic Supernova
For a galactic supernova at a fiducial distance of 10 kpc, HK will detect O(10 5 ) neutrinos within about 10 s. This high event rate enables HK to resolve fast time variations of the event rate, which could give us information on properties of the progenitor (like its rotation) or on details of the supernova explosion mechanism like the roles of turbulence, convection and the standing accretion shock instability, SASI, on which there is significant disagreement between different computer simulations [5] .
Supernovae in Neighbouring Galaxies
Due to its large volume, HK would be sensitive to supernova bursts in nearby galaxies as well, observing O(5000) events from a SN1987a-like supernova in the Large Magellanic Cloud or O(20) events from a supernova in the Andromeda galaxy.
Using strict timing coincidence with an external trigger, like a gravitational wave signal in LIGO or the nearby KAGRA, HK could even be sensitive to single supernova neutrino events. For supernovae at up to 4 Mpc distance, which are expected to happen every 3-4 years on average, HK has a 50 % or greater chance of detecting at least one event (see fig. 3 ).
Supernova Relic Neutrinos
The total neutrino flux from all remote supernovae in the history of the universe is known as supernova relic neutrinos (SRN). While these neutrinos cannot be traced back to a specific supernova, they deliver information on the average spectrum of supernova neutrinos and could enable a first measurement of the rate of failed (optically dark) supernovae, which are the origin of stellar mass black holes. The SRN measurement is therefore complementary to observations of nearby supernovae. At HK, SRN are observable in an energy window of 16-30 MeV shown in fig. 3 , which is bounded by cosmic-ray induced spallation backgrounds at lower energies and invisible muon background from atmospheric neutrinos at higher energies. Within 10 years, about 100 SRN events are expected at HK, corresponding to an observation of SRN with 4.8 σ significance.
